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The Vessel Within the Vascular Wall*Taek-Geun Kwon, MD, PHD,y Lilach O. Lerman, MD, PHD,z Amir Lerman, MDyO ne of the leading causes of morbidity andmortality, acute coronary syndrome (ACS)often is caused by plaque rupture or
erosion. It is, therefore, understandable that ongoing
studies attempt to detect vulnerable plaque to under-
stand the mechanism of plaque rupture and develop
tools to predict future cardiovascular events.SEE PAGE 2469These efforts have been limited by the lack of
noninvasive and high-resolution imaging technolo-
gies that can be applied to our patients. In this issue
of the Journal, Taruya et al. (1) have started ﬁlling this
gap by applying optical coherence tomography (OCT)
to investigate not only the vascular lumen, but also
the structure and components of the vascular wall
that may contribute to plaque vulnerably. They
evaluated adventitial vasa vasorum (VV) and in-
traplaque neovessels using OCT, including the
3-dimensional structural pattern of intraplaque neo-
vessels across different plaque characteristics. Their
study demonstrates that VV volume correlates with
plaque volume in a ﬁbrous plaque and that intra-
plaque neovessel volume is larger in ﬁbroatheroma
and ruptured plaques compared with ﬁbrous plaques.
Furthermore, the structural pattern of intraplaque
neovessels varied across plaque characteristics. The
coral tree pattern of intraplaque neovessels tended to
increase in ruptured plaques and had a higher
macrophage grade, linking this speciﬁc pattern to
plaque vulnerability.*Editorials published in the Journal of the American College of Cardiology
reﬂect the views of the authors and do not necessarily represent the
views of JACC or the American College of Cardiology.
From the yDivision of Cardiovascular Diseases, Mayo Clinic, Rochester,
Minnesota; and the zDivision of Nephrology and Hypertension, Mayo
Clinic, Rochester, Minnesota. All authors have reported that they have no
relationships relevant to the contents of this paper to disclose.VV comprise a complex network of microvascula-
ture nurturing the outer layer of large blood vessels,
including the epicardial coronary artery. There are 3
types: VV interna, which originate from the vessel
lumen; VV externa, which originate from bifurcation
segments; and venous VV, which drain into con-
comitant veins (2). In the absence of disease, VV
take up molecules transmitted from the vessel
lumen to the adventitia and maintain the vascular
homeostasis (3).
VV are thought to associate with initiation and
progression of coronary atherosclerosis. Vascular
injury at the lumen aspect, altering homeostasis, can
induce the expansion of VV, which in turn serve as
conduits for the inﬂux of cellular and noncellular
proinﬂammatory, proatherogenic blood components
into the vessel wall (4,5). VV neovascularization is
one of the earliest stages of atherosclerosis, preceding
even development of the atherosclerotic plaque (6).
With atherosclerosis progression and increased pla-
que thickness, ischemia of the vessel wall induces
release of angiogenic growth factors and develop-
ment of intimal neovascularization, mostly origi-
nating from adventitial VV (7). A human ex vivo study
showed segmental heterogeneity of VV density,
which was higher in noncalciﬁc stenotic plaque and
lower in calciﬁc plaque, implicating VV in both the
progression as well as the initiation of atherosclerosis
(8). Additionally, an in vivo OCT study in patients
with early coronary atherosclerosis showed that
development of intraplaque microchannels is associ-
ated with endothelial dysfunction, again supporting
the important role of intraplaque neovessels in pla-
que progression (9) (Figures 1A and 1B). Now, in this
new report, Taruya et al. (1) add further support to
the relationship among plaque volume, VV, and
neovascularization.
Previous pathological studies have demonstrated
that intraplaque hemorrhage and plaque rupture are
FIGURE 1 Vasa Vasorum Proliferation and Intimal Neovascularization in
Atherosclerosis
The microvasculature feeding the outer layer of normal large blood vessels (A). Vasa
vasorum proliferate in the setting of intimal hypoxia and inﬂammation in atherosclerosis
(B). Intimal neovascularization and hemorrhage expand the necrotic core and induce rapid
plaque progression (C). Intraplaque neovessels are lined with leaky and fragile endothelium,
usually without supporting cells, resulting in local extravasation of blood cells (D).
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2479associated with increased density of microvessels
(10,11). Virmani et al. (12) reported that the number of
VV more than doubled in vulnerable plaques and
plaque ruptures compared with stable plaques with
severe luminal narrowing and that invasion of intra-
plaque VV from the adventitia follows a distinct
pattern of arborization. New microvessels harbor few
supporting cells and are lined with leaky endothe-
lium, allowing local extravasation of blood (13).
Intraplaque hemorrhage can expand the necrotic core
and induce rapid plaque progression by depositing
free cholesterol and macrophage inﬁltration, which
are characteristic features of rupture-prone vulner-
able plaque (14) (Figures 1C and 1D).
However, in vivo visualization of the speciﬁc
pattern of intraplaque neovessels responsible for
intraplaque hemorrhage is challenging. The authors
here demonstrate that the distinctive pattern of
intraplaque neovessels can be identiﬁed with OCT
imaging and is frequently found in ruptured plaques.
Although this requires further histologic validation, a
coral tree pattern on 3-dimensional OCT might
represent the sprouting neovascularization with leaky
endothelium. Thus, the current study underscores
VV’s importance in the mechanism and progression of
coronary atherosclerosis and makes an important
advance in the potential translation of this informa-
tion into our clinical practice.
Although a useful imaging modality for in vivo
evaluation of VV (15), OCT is limited by its shallow
penetration depth, making evaluation of microstruc-
tures challenging beyond lipid and calcium in
advanced lesions, such as ﬁbroatheroma and ﬁbro-
calciﬁc plaques. In this study, several patients were
excluded because of insufﬁcient image quality for VV
analysis. Thus, OCT may emerge as a powerful im-
aging modality to evaluate VV’s role in early athero-
sclerosis, but might be limited in advanced coronary
atherosclerosis. Still, an OCT study in early coronary
atherosclerosis will broaden our understanding of
how intimal thickening progresses to vulnerable
plaque.
An important clinical implication of this study is
that OCT-identiﬁed VV could represent a new index
of plaque progression and vulnerability. A follow-up
study at the same segment and lesion will be
needed to assess the precise role of VV in plaque
progression and destabilization, but the implications
are intriguing. The presence of intimal neovas-
cularization with a speciﬁc structural pattern, such
as internal running and coral tree patterns, might
represent the rupture-prone, vulnerable plaque
responsible for ACS. Additionally, VV could be a
new therapeutic target. Recently, various treatmentstargeting inhibition of neovascularization within
atherosclerotic plaque have been investigated (16).
The coral tree pattern of intraplaque neovessels may
constitute a new therapeutic target and surrogate
marker for plaque regression and stabilization.
In conclusion, Taruya et al. (1) used OCT to
demonstrate that adventitial VV and intraplaque
neovessels are associated with plaque volume and a
speciﬁc structural pattern of intraplaque neovessels
is linked to plaque rupture. Additional studies are
needed to assess VV’s precise role in plaque pro-
gression and destabilization. Furthermore, lesion-
related risk factors for ACS might be evaluated with
OCT. Although this study showed the usefulness of
OCT in evaluating VV and neovascularization in vivo,
there are limitations of OCT imaging that could
constrain VV evaluation beyond the lipid pool and
calcium content. We need a new imaging modality
with high-resolution power and deep penetrating
depth for elucidating the role of VV in plaque pro-
gression and destabilization.
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